Abstract -
INTRODUCTION
Potatoes are grown in Brazil through the year in three different crop seasons: from January to March (dry crop season), from April to July (winter crop season), and from August to December (rainy crop season) (Dias 1993) . These crop seasons make up around 30, 21, and 49% of Brazilian production, respectively (IBGE 2014) . Although producers seek regions less subject to the adverse effects of high temperatures in southern states and in higher altitude regions in the southeast of Brazil, ideal temperatures are generally exceeded, especially in the rainy and dry crop seasons. Temperature is the most important factor not under producers' control, which affects potato growth and production (Levy and Veilleux 2007) . In general, production is optimum at mean daytime temperatures in the range of 14-22 ºC. Above this, yield declines drastically (Haverkort and Verhagen 2008) . Hijmans (2003) estimates losses of 18-32% in worldwide potato production by the year 2050 as a result of the effects of global warming. The problem is more accentuated in tropical and subtropical regions where potato crop potential is limited by sensitivity to heat (Hancock et al. 2013) . Greater than ideal temperatures bring about multiple physiological, biochemical, and molecular processes of the potato plant (Hancock et al. 2013 ). Thus, heat stress delays tuber development, reduces production and dry matter content of the tubers, increases respiration and the partitioning of photoassimilates to the plant shoots (Levy and Veilleux 2007) , negatively affects the qualitative appearance of the tubers (Ginzberg et al. 2009) , and increases the rate of physiological disorders (Benites and Pinto 2011) . Thus, studies that seek to obtain heat tolerant potato clones should be a priority in Brazilian breeding programs, and efforts have been made in this direction (Benites and Pinto 2011) .
Breeding programs for plants with vegetative propagation, among them potato, predominantly use clonal selection, which consists of single crosses for generation of the segregating population, as of which selection of individual clones is carried out. This procedure has been inefficient in potato breeding, especially in the initial phases of the program (Brown et al. 1987, Gopal and Minochoa 1997) when there are a small number of tubers of each clone for planting experiments with replications. In addition, the magnitude of the heritabilities among families has been greater than among individual clones (Bradshaw et al. 1998 , Diniz et al. 2006 , suggesting that family selection could more effectively contribute to selection gains in the initial stages of the breeding program. The greater heritability for various traits among families is due to the lesser effect of the environment among mean values of families than among individuals of the same family (Simmonds 1996 , Gopal 1997 , Simon et al. 2009 ).
In the SG and FCG generations, family selection is an alternative when selection is practiced based on traits of low individual heritability (Simmonds 1996) because, in contrast with clones, families may be evaluated in experiments with replications and in more than one location or crop season, thus improving the mean estimate of the family, as well as assisting in identification of the most stable families.
The aims of this study were to evaluate the efficiency of selection of potato families in early generations with a view toward heat tolerance and verify if the best individual clones were derived from the best families selected in the initial steps of the program.
MATERIAL AND METHODS
We evaluated 30 clonal families obtained by single crosses between clones selected through two cycles of recurrent selection for heat tolerance (Benites and Pinto 2011) .
Around 100 seedlings per family were transplanted to 10 cm diameter (0.5 L) pots containing organo-mineral substrate for tuber development. In the SG, individual plants were harvested and two tubers per clone were taken. In the first clonal generation (FCG), two experiments were carried out simultaneously, one in a greenhouse and another in the experimental field of the Department of Biology, Universidade Federal de Lavras, Lavras, MG, Brazil, from October 2011 to January 2012 (rainy season -high temperatures). In the field, a randomized block design was used with three replications and plots consisting of 12 plants, for a total of 36 clones per family, with a spacing of 0.5 x 0.8 m. In a greenhouse, a completely randomized design was used, with three replications. Each plot consisted of 10 pots of 10 cm diameter (0.5 L) containing organo-mineral substrate. The cultivars Caesar, Asterix, and Voyager, and two heat tolerant clones, CBM 09-10 and CBM 16-16, were used as controls.
In the second clonal generation (SCG), the experiment was conducted in the experimental area of Epamig in Pouso Alegre, MG, from May to August 2012 (winter crop season) in a randomized block design with three replications. Each plot consisted of 10 plants, for a total of 30 clones per family. The controls used were the same as the FCG.
The FCG and SCG plants were harvested individually and evaluated for tuber yield; tuber specific gravity, obtained by weight in the air/(weight in the air -weight in water); periderm texture (1 = rough to 5 = smooth and shiny); eye depth (1 = deep to 5 = shallow) and shape (1 = round, 3 = oval, 5 = elongated). The scores were attributed by three evaluators.
The least square means were calculated for each family in each generation and the repeatability of the families was evaluated through correlations between the mean values of the families among all the generations. Experimental precision was verified through an accuracy estimate, as proposed by Resende and Duarte (2007) . Due to the heterogeneity of residual variances in the individual analyses in the FCG (field and greenhouse) for yield, correction of the phenotypic data was carried out to proceed to combined analysis in the following manner: multiplication of the data from each environment by the ratio: mean residual standard deviation (Sme) for all the environments/residual standard deviation in environment i (Si), as described in Resende (2007) . Sixteen families were selected through exhibiting higher mean values for tuber yield.
The percentages of coincidence among the families in the different generations were estimated by verifying the number of families that would be selected in one generation and in the following generation.
In evaluation of the individual clones of the families selected, two trials were conducted in the Epamig experimental area in Pouso Alegre, MG, Brazil using an average of 20 clones per family. The first experiment was conducted with second generation clones (C2) from May to August 2012 (winter crop season), using an augmented block design (ABD), with 450 clones as regular treatments, distributed in 30 blocks of 20 treatments each. The second experiment was conducted with third generation clones (C3) from December 2012 to March 2013 (rainy crop season), in an ABD, with 400 clones as regular treatments, distributed in 20 blocks of 25 treatments each. The common treatments and the traits evaluated were the same as the family experiments. Overall appearance of the tubers (1= bad to 5 = excellent) and percentage of tubers with cracking and second growth were evaluated. Plots consisted of one row of five plants spaced at 0.3 x 0.8 m.
Analyses were carried out using SAS software (SAS 2000) , considering families and clones as random effects.
To select families (or clones) tolerant to heat and responsive to milder temperatures, graph analysis adapted from Fageria and Kluthcouski (1980) graph, the mean values of the genotypes in the favorable environment (x axis) and the mean values of the same genotypes under stress conditions (y axis) are plotted. Two straight lines drawn at the mean value of each environment distributes the genotypes in four quadrants: those tolerant or sensitive to heat (above or below the mean value of the y axis) and those responsive or not to mild temperatures (above or below the mean value of the x axis). The genotypes responsive to mild temperatures and that have a higher mean value under high temperatures are in quadrant I (Figure 1 ) and are the desired types.
RESULTS AND DISCUSSION

Selection among families
The climate conditions in the SG and FCG generations were not favorable to the potato crop because high temperatures during the tuber development period were observed both in the field and in the greenhouse. In the FCG, the frequency of temperatures greater than 20 ºC registered in the field was around 44%, and double that in the greenhouse. The opposite occurred for the winter crop season with the SCG, in which the temperatures were adequate for the potato crop, with a frequency of 70.2% for temperatures below 20 ºC.
The high temperatures observed in field conditions during the FCG contributed to reducing the tuber specific gravity, which decreased from 1.0761 in the winter crop season (SCG) to 1.0626 in the rainy crop season. That means that in the winter, the tubers had an average of around 20.8% dry matter, whereas in the rainy season, they had 17.8%. This low dry matter content of the tubers disqualifies them for use in the form of French fries and becomes a problem for the processing industry in Brazil, which has difficulties in production of quality raw material in the rainy season. Consequently, Brazil has imported more than 70% of prefried frozen potatoes from Argentina and Europe (Ramos et al. 2013 ).
In the FCG in the field, the tuber yield of the families was greater than that observed in the SCG. These results differ from those found by Menezes et al. (1999) , who observed reduction in the production of potato genotypes evaluated under high temperatures that occur in the rainy crop season in the south of Minas Gerais. The results presented here show that temperature was not the main difference between the winter crop season and the rainy crop season, since the trails were conducted in different areas. It should be noted that in the SCG, the environmental factors (low temperatures and high moisture) were favorable to late blight caused by Phytophthora infestans, leading to the loss of some plants and hindering tuber bulking and, consequently, lower tuber yield.
Another important aspect in selection experiments is the precision with which the treatments are evaluated. From accuracy estimates, it may be seen that precision was from moderate to very high for all traits (data not shown) (Resende and Duarte 2007) , i.e., there is good reliability of estimation of genotypic values of families under testing based on experimental information.
The efficiency of selection in the first clonal generations may be evaluated by the correlation coefficients for a determined trait among the generations. Thus, high correlations should be expected between two generations if the behavior of the families were similar. In Table 1 , it may be observed that the correlations for tuber yield were null or moderate, which means that selection of the most productive families in the SG did not result in more productive families in the FCG and SCG generations. Although there was significance for the correlation coefficient between the SG and the FCG in the greenhouse, this was of moderate magnitude. This may have occurred through the influence of seed-tuber size on clone performance in the succeeding generation, whereas SG was derived from true seeds, the other generations evaluated were obtained through vegetative propagation. The seed tuber used for vegetative propagation has more reserves stored and contributes to more vigorous development of the plant, in contrast with the true seed, which practically does not have reserves and germinates a small seedling which is much less vigorous.
The correlations for tuber yield were lower than those observed by Kumar and Gopal (2006) , who worked with 33 potato families of the SG up to the third clonal generation. Probably the lower correlations observed in the present study are due to the contrasting conditions of temperatures and planting, indicating greater difficulty in practicing early selection for yield under heat conditions. In addition, the authors evaluated the SG in the field, instead of in pots as in the present study, making the conditions more comparable and contributing to the greater correlation coefficient. Therefore, it seems that SG evaluation in the field could effectively contribute to family selection, although it is more laborious, because it requires transplanting of seedlings to the field.
The estimates of the coefficients of correlation between the generations for the other traits evaluated in families were also low. An exception is for tuber shape, which showed higher and more significant values (Table 1) , ranging from 0.60 between the SG and SCG to 0.74 between the FCG and SCG. This would indicate success from family selection for tuber shape in early generations (SG and FCG), which is backed by other studies (Gopal and Minocha 1997, Amaro et al. 2003) . For example, Amaro et al. (2003) found correlations for tuber shape, evaluated through the length/ diameter ratio, of 0.51 between individual clones and of 0.77 between mean values of families in the seedling generation and first clonal generation.
The mean yield values of the families in the SCG grown under mild temperatures were plotted on the x axis, and the mean values under heat stress conditions in the FCG in the field or in the greenhouse, on the y axis. The case of a family having been selected in the FCG and discarded in the SCG indicates that the family in question is heat tolerant, but not responsive to mild temperatures. The opposite could also occur, i.e., the family having been discarded in the FCG and selected in the SCG. In this case, the family would not be heat tolerant, but it would have good performance under mild temperature conditions. It was possible to see a discrepancy in the classification of the families evaluated in the FCG in the field ( Figure  1 ) and in the greenhouse (figure not shown) in the four quadrants of the graphs. That occurred because there was no correlation for yield between the FCG GH and SCG (Table 1) because the environmental conditions were different among these environments. However, families 4, 10, and 11 were in quadrant I, considered as the most stable. This greater stability of the families hows that their behaviors are more predictable and that they undergo fewer negative impacts from high temperatures, ensuring greater yields for them in various environments.
In Figure 1 , it can be seen that the families that showed the greatest mean values for yield were 4, 10, 11, 15, 16, 19, and 32. Besides them, the heat tolerant clones, CBM 09-10 and CBM 16-16, showed high mean values. In contrast, the control cultivars, Caesar and Asterix, were located in quadrant III, showing the lack of adaptation to heat stress. Therefore, utilization of these families probably makes it possible to obtain heat tolerant clones, yet clones that would be productive if grown under favorable temperature conditions.
Based on the mean yields and tuber specific gravity, families were ranked for each generation. Thus, selecting 60% of the most productive families in the FCG in the field and 40% of the best families in the SCG, it was seen that 67% of the families coincided. Upon using the same selection intensity in the FCG (60%) and 50% in the SCG, it was observed that 73% of the families coincided. Therefore, early discard in the FCG would be eliminating families that in fact would not show good performance in the more advanced generation (SCG). Benavente and Pinto (2012) who worked with selection for tuber yield among potato families under high temperature conditions, found that selection intensities from 50% to 60% led to the best responses in clone selection.
By the same reasoning, however with the FCG evaluated in a greenhouse, it can be seen that the coincidence of the best families with the SCG was always less than the FCG evaluated in the field. In a certain way, this was expected, given the difference of the conditions of the FCG in the greenhouse and the SCG in the field. Thus, it would not be advisable to undertake family selection for tuber yield in the FCG in the greenhouse using small diameter pots. This result is corroborated by the study of Verissimo et al. (2012) who studied the influence of small pot size on the expression of tuber traits in potato families in the SG. These authors observed that pots with 1 L capacity allowed greater expression of production traits in comparison with pots of 0.25 L capacity and, consequently, they allowed better estimates of genetic variability among the families.
In the case of family selection for tuber specific gravity in the FCG, efficiency of family selection was observed both in the field and in the greenhouse. For example, with selection intensities from 50% to 60% among families in the FCG in the field or greenhouse, and 40% to 50% in the SCG, the coincidence of families selected was 67% both in evaluation in the field and in the greenhouse. This efficiency of family selection for tuber specific gravity in a greenhouse may have occurred as a result of the small family x environment interaction for this trait.
Thus, selection intensities among families from 40% to 60% lead to the best family coincidences and allow elimination of a reasonable proportion of clones that would not be evaluated in subsequent generations.
Clonal selection within families
The temperatures observed in the winter crop season (C2) were more favorable to potato growing; in approximately 60% of the crop development period, they were below 20 ºC. The opposite occurred in the rainy crop season (C3), in which the frequency of temperatures greater than 20ºC was 72%, and even arrived at values greater than 25 ºC in 23% of this period.
The mean values of the traits evaluated under thermal stress (rainy crop season) were low, with a 36% decline in tuber yield and 2.12% decline in tuber specific gravity, when compared to the mean values of the favorable environment (winter crop season). The mean value of the percentage of physiological disorders (second growth and cracking) was also high in the rainy crop season, showing the strong effect of heat stress on the genotypes evaluated.
Among the controls evaluated in the clonal generations (C2 and C3), only the clone CBM 09-10 is found in quadrant I for tuber yield. The clone CBM 16-16 showed good performance under mild temperatures; however, it did not do well under heat conditions, as was observed in previous studies (Menezes et al. 2001 ) and even observed in the family experiment in this study. The control cultivars, for their part, did not tolerate high temperatures and did not respond to mild temperatures in a satisfactory manner (Figure 2 ).
For tuber specific gravity, the control clones had a greater mean value in the unfavorable environment and were responsive to environmental improvement. The opposite occurred to the cultivars Voyager and Caesar, which had low mean values both under high temperature and mild temperature conditions. The Asterix cultivar was greater than the mean value under high temperatures; however, it did not respond to improvement in the environment and was thus situated in quadrant II (Figure 2) . To verify if family selection in the FCG and/or SCG was efficient, we sought to identify the quadrant where the clone and its family of origin would stand. The percentage was estimated considering that the clone populations of the quadrants involved have the same size. For tuber yield, it was observed that 63.4% of the clones tolerant to heat stress and responsive to environmental improvement (Quadrant I -QI) came from tolerant families (QI + QII), i.e., of the 84 clones of quadrant I, 59 came from families of quadrants I and II. For the non-tolerant and non-responsive clones (QIII), 58.3% came from non-tolerant families (QIII + QIV) evaluated in the field. In other words, family selection in the FCG in the field under high temperature conditions was efficient in identifying the desired clones. In addition, it was observed that discarding the worst families would mainly be eliminating the worst clones.
However, when the FCG was grown in a greenhouse, it was observed that only 41.1% of the clones of quadrant I belonged to tolerant families, and 37.6% of the clones of quadrant III came from non-tolerant families. Once more, these results reinforce that evaluation of the FCG in a greenhouse using small diameter pots was not efficient for selecting the most productive families. The use of larger pots might permit a more discriminating selection of the families, as advocated by Veríssimo et al. (2012) , even under high temperatures.
When family selection is made based on SCG under mild temperature conditions, it was observed that 69.8% of the tolerant and responsive clones (QI) came from responsive families (QI + QIV). Thus, family selection in the SCG for responsiveness to mild temperatures was also efficient. Using information from heat-stress-tolerant families in the FCG evaluated in the field and responsive to environmental improvement in the SCG, it was observed that around 70% of the tolerant and responsive clones (QI) originated from these families.
For tuber specific gravity, it was observed that around 60% of the clones tolerant to thermal stress and responsive to environmental improvement are from tolerant families evaluated in the field and 63% of the non-tolerant and nonresponsive clones are from non-tolerant families. When selection is made based on the mean value of the FCG in the field and the SCG, it was observed that 56% of the clones tolerant to high temperatures and responsive to mild temperatures come from tolerant and responsive families. It was also seen that evaluation of the FCG in a greenhouse did not contribute to improving the efficiency of family selection for tuber specific gravity.
Several clones exhibited better behavior for the set of It is important to compare the tuber specific gravity of the clones with those of the controls since the clones exhibited a high tuber specific gravity, especially in relation to the Asterix cultivar, used as the standard cultivar for prefried frozen processing in Brazil. The clone SR3 16-33 of elongated shape is noteworthy because it had greater tuber specific gravity in the heat and high yield, and it could be recommended for the pre-fried frozen industry. Another factor that draws attention is that most of the clones had production per plant greater than the mean values of the controls, even of those tolerant to the heat (Table 2) . Domestic use (table) requires clones with multiple uses and good tuber appearance. Among them, the clones SR3 11-29 and SR3 32-22, both of oval shape, and the clone SR3 19-24 of elongated shape, were quite productive, had good tuber appearance, and had tuber specific gravity greater than the control cultivar Asterix.
CONCLUSIONS
Family selection in the first clonal generation evaluated in the field was efficient in identifying the clones most tolerant to heat and responsive to milder temperatures for yield and tuber specific gravity.
The clones that stood out are derived from the best families selected, i.e., around 70% of the clones tolerant to heat stress and responsive to environmental improvement belong to families tolerant to heat stress and responsive to mild temperatures.
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